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POLYHEDRAL OL[GOMERIC SILSESQUTOXANE (POSS)
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Introduction:
There has been recent interest in using polyhedral oligomeric

silsesquloxanles (FOSS) as the smallest particles of silica for reinforcemrent of
polymers.1 These materials are monodisperse. have tailored functionality,
(including a hydrophobic coating), and should thus act as mode] Iiur 2 oeua oe fC 7 4 1 O) Fnr b) based on single

nanpariclas flle. ehe e. a.2 have shown that sol-2el condensation into crystal X-ray coordinates.(hydrogenis not shown) Notice the localized
cag-e compounds cani yield two thermodynamically stable main isolates: a hydrophilic trisilanol pocket at the base.
fully condensed RSTS cube (Figure Ia) and an incompletely condensed
R7T.4D.-,(OH) 3j trisilanol (Figure I b). (T refers to a SiO.-,, and D is a SiOj monolayer. The average 'size" for Cy7TjD-(H 3 bsdo single crystal-
moiety in a silicate framework) There are lamee differences in the solubility of ray diffraction (Fignure 2) is a~pproxim~ately 16'A. This corresponds to a
FOSS in common organic solvents based on thce substitution of the cages. For (spherical) cross sectional area of '200 A". which agrees well with the
example. a fully condensed iBuST3 cube (Figure Ia) is more soluble thani a extrapolated collapse of 180 A--/moiecule. As expected. the smaller isobutyl
similar cyolohe'xyl Cyg 8T cube which' in t umn is more soluble than a group gives a smaller collapse area. However, the collapse pressure is much
cyclopentyl CpSTS substituted cube. Furthermore. the breaking of symmetry in P tlY 0mNT.Thsikyincaetatheesndvn

the ncopleelyconense cues Figre b) ouldals beexp~d doer Waials interaction of the hydrophobic isoburyl groups allows for a strongver
enhance solubilitylcompatibilicy. The dispersion of POSS will likely smnt aeationlithl the anaub eatdphase. Boe risyn shmlaow a h s fcnlay collapseda
determine how well the material can act as a -nanofilller." Farmer et. al. have sma cll ares: ielyt. naeeae hs eysmlrt h ul odne
recently performed molecular dynamics simulations which suggest d= Foss holpe
molecules have no tendency for agggreegation in a polymeric matrix if they are
originally well dispersed. 60 t IBUST8

R

R,~%O.~OH 4O- 'Cy 7 TP4 3(01-ý3
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Figure I Representative FOSS molecules. R can. be cyclohexyl (Cy), Fieure 3 Surface Pressure-Area. isotherms for various FOSS.
cyclopentyl (Cp) or isoburyl.(lBu)

Conclusions:
Silsesquloxanes (as a subclass of silicone materials) should be in ggeneral POSS can act as a surfactant and spread at the air water interface. The

amphphilic, ad tus e mght x et FSS o 5rea atmore hydrophilic FOSS trnsilanols appear to. make monolayers. but all POSS
interface. We have chosen to use Langmucir-Blodgett techniques and obsere show complicated collapse behavior. The behavior of POSS in thin films
the compression behavior of the common FOSS fully condensed cubes and (blends. copolymers, etc.) will likely be affected by the state Of aggregation.
incompletely condensed trisilahols.
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size of a FOSS cube. This likely indicates that the molecule is too (uniformly) 4313 Ic) Feirer, FJ.:. Budzichowski. TA;: Blanski, R.L. Weller. K.J.:
hydrophobic, and thus exists as stacked aggregates on the water surface. The Zle.JX raoealc 91 0 52
collapse indicates packing of these aggregates into a bulk agglomerate-like (3) her.mj R.EW.: Brr erryic, R-.991ima. 0.2526 me lprns(ACS
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anchoring to the water surface, an thus these FOSS can spread into aDWPl~C/en:20.4()53
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